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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent crystallizability from deteriorating 
even 

if the growth temperature is increased to a temperature where In is 
evaporated 

again to manufacture an InGaAIP-family semiconductor layer with 
excellent 

crystallizability by the MBE method. 
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SOLUTION: Buffer layers 2 and 3 made of GaAs and GalnP, respectively, 
are 

formed by the MBE method (a molecular beam epitaxial growth method) on 
a GaAs 

substrate 1 with a surface inclined 7 to 15° in a [011] direction from a 
surface (100) as a main surface, and a semiconductor layer is formed by 
the MBE 

method. The semiconductor layer includes a semiconductor layer 
including 

AIGalnP cladding layers 4 and 6 of a band gap Egc, and an AIGalnP active 
layer 

5 of a band gap Ega. The amount of Ill-family element is adjusted to 
Ega<Egc. 

Also, the semiconductor laser element has a rigid stripe being extended in 
a 

direction of [01-1]. 
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0. 2 5 jwm N nl (A 1 o. 7zGao. 28 ) o.5i I no. 49 
P*5*F«4*1.2/inu MS? #F*£tt)l 5 fc L 10 
T (A lo.sGao.s) o.5i I no.49P ( 50 0A) + 
[Gao.48l no.52P (50AX4) + (Alo.sGa 
0.5) o.5i I no. 49 P (50AX3) ] + (A lo.sGa 
0.5) o.5i I no. 49 P ( 5 0 OA) „ p3» (A I0.72G 
ao.28 ) 0.51 1 no. 49 P^l VM6&0. 17 u 
nu pS*rtrljy>'H-7'Gao.6 2 1 no.38PX-/f-> 
^XhyTJf 7 £8 OA. pS (A lo.72Gao.2s) 
0.51 I no.49P£2?5-y KJf8£1.0 3jum&tfp 
fflGao.si I no.49Ptt>rafl9^0.0 5//m)UJCga 

~r&. #mmc\tftsm£:i:65 0nmt'rht:ibm 20 

«^#FS5i&Gao.48l no.52P, J?350Afcl, 
[0036] SJg. K£«t>T*«Sr V£7C5gi: LT A s 
frt±P7imiffiV%^£oiz. j££iBJK5 0 0 , CTgS2 

iMGaAs^f7711 o£«ui-f s. &weps 

GaAs^-ryTJll 0±fcAl2O 3 |£l 1*0. 1 5 

[0 0 37] *<0&. AI2O3KI l±fcl^'Xh&l 
2£M*jU 7* hX yf-y^ffoTA I2O3RI 1 30 

£ [ 0 1 - 1 ] ^-ipjtcg^x h 54 rmzj^-yta 

ILfc&. HI (B) fc^rioCAUOsKl l£v 

X^tLX-yf-y^frVV p|GaAsiff>rll 
0. pffiGao.si I no.49P«W5Df 9. pS(A1o.72 
G ao.28) 0.51 I no.49PS&2?7>y KJi8£Ki£-fS 
ZklzX*)^ AI2O3&I l<35BTfc'J-y^)B«-r 

[0038] ZcobZ. Xyf-V^atLTpSGaA 
a* * >y 7Jf 1 0 fcttLTIiKig : SiHt*** : *= 
1:2:20(1 2°C) . pMGao.si I no.oP+IS 40 
Jf9fc*fLT{iSBW (fi&f&mS*) :'J>-8!:*= 
2:1:5 (20*0 „ pS (A lo.72Gao.2s) 0.51 
I no.49PS52?7<y Ym&£.ftLXW) >W. (7 0 

t:) *jBnfc. ±ax yf-^?8[*«i«-rs#}g 

BSKH2SO4) :jl^j8«ffirr*>oTB^^^O 
SSfl^cm* (H2O2) : 

7MH2O) :«* 50 
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mmm*. (sbw) : mmzx-tcMxmiZtt o 

(H3PO4) : H*^*0^gifn 

-rcoj: 9 ^x-/^^?R£fflv>Titm5rx -yf-y^ 

ffdClfcfciO. ^<OIgT)gj£^SGaAsmS^E 

y -y isnmt 0M&m*m%i><Dt-r&z 
mcoimw (100) Mt>*t> [011] *ifij{c<9* «v> 

TV^<7)fc:ffv\ y y ^Brffii^ttiteiPa^BrEBrtTS 
JKn^ttK** U03 <0 J: 3 ^BftfcSr^ttfc =5r£ . 
Witf. ££fcfc^&xy ISABBt 

y y yfflrai<o^-rft<o 5 *>^<nm<rm\i.e 1=54. 

7* -<?• . 02=54. 7* +(9* fc&S. y-yj^O 

f&££>f * y b-Ai -y ^y^^ttfeSW=5f*&fci: o 
Tffo«^. y^^B)WR»ltea<oBriijrtTW^ 

u to^&tvvi'mizimmmiiffi'ix. y 

-/^OBBiitmsSOR^St^Bii-ey-^A^U. «a 
<y>fk^Xyf-^ffl<y)}8rc^L.»j y^'fflBBSrXyf-^ 

?-&.rfca<aaun -rft.Sryyxfcof.fc. o>x£fi 

d t 'J «y ^t97^4£:£Cft1*x «y^y^T»«L7t»J 

[0039] ifrrVC. @1 (C) {^tiafcW^Xh 
JR1 25rl^*L^. 20B<9MBEjfcg£V&7C&fc 
LT A s £0* £ ffl 1^6 yAfcTfrV > 'J y y*PHlfc:j£ 
*iaS6OOT;-CnSGaAs«aE0E^Sl 35" 1.5 

8umimti. jfcSiasji. SH^saiLTv^ps 

Gao.5i I no.4 9 P+ISI«9&tfy»/>TBffi#gi«LT 
l^SpM (A lo.72Gao.2s) 0.51 I no.49P^2?7 

•y HS8*»^P*7t:tt I n 1tm& Lfeatt*^-fW^ 
-fc^^KHT. nSGaAsmaBR!©il3<7>|gft 
tt* { S< ^rS J: ^ fcT^ S7tf{t©V^aST'S>S 6 0 Ot: 
k UTV>S. d<OSf. A 1 2 0 3 Jg 1 1 cOHSS±fcli£J£ 
fktmcO G a A s ftfl 1 4 *Wfi"T * . 

[oo4 0]acv^r. ws/xngiss-xif^tciy 

^tS. £C0*§£. nSGaAs«SE0E^«13±fc 
«WvXM SMMSiU^ ^ISSttJSOGaAs 
t£&l 4±fcliP^*X b 1 5*^{lfc^i:m^ ! e$i^ : SrV^ 
£<9&. Sffi^cOW^'XM 5 Sr0 3 -U VT-y^ 
^LT. 01 (D) fcr^TidtnaGaAsBliEeiE^ 

1 1 3±soMzv : Jx Y l 5*^$nTv^«®fe:-r 

5. *l/t\ 3Cfc02 (E) tSt^tl/^MS 
*-?X9 b LT^tefi*t@£OG aAsMffil4^x 7 f 

y^n^fe-ri.. zlx. *<r>m2 (f) tc^j:dt 

5£6fc£U Al20 3 Sl lt>x-/f-y^ 

-e^. mmBm^x-7 o ox:. 2i^gfcr 

x-;P*fird . Z 0 pI^* 
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[004 1]<fcWC. 3®BOMBEj£-g£V&7c£fc 

0 OtTCpSG a A s a y f ? hM 1 6 £ 4 u mgJl 

u mmznxoizixm&iimmimvimRv 

nMGaAs^glC7)SDitC. W&\ 7. 18£jgl£ 

U fli^^^fci^SWSCtCiO. 02 (G) fc^ 10 
-Ti 1 Ga I n P|j^ff*l/-Dlf*tllt 

[0042] 

Bftg«>WHW»l'— f%*m.-thA IGalnPl 

¥#«cu~ mTZwm-zizbte-ix . ( 1 o o ) m 

[ 0 1 1 ] Hmz0' ffl»t7tfflSr±ffifc-rSGaA 
s S«±(^nV F^77E,c<DAlGaInP?77 

« <E IC t Lit A IGaIn PiSttJl£Mj¥&WI£ 
MBEffiKJ: **>±fcJfcg$*lfcA 1 

Ga I nP^NI«c«<?DPLOX^h;KfieiE< s In 
tfifmth 5 2 0-C£Xf$M&&Z&< -th^t VTZ 
t. W*>. ma&Mk»I nGaA 1 PJf£j&£-$-&;i 

btfiX-Zt. it:. (100)S*>t [0 1 

T ~15' «»tfeffi£±iBt-r&GaAsaeUHcR 

iStt<O^V>AlGaI nP^7 /K«$-V>#^0*^ 30 
-frSOTSK. GaAsj:0WA' 7 7rlitliGa 

1 nPiO^S^y^yaS-MBEffifciO^Ufe 

0. GaAsSR^ffic^Ptt!|*»cr)|^fSrS»til<. *0 
±{CA 1 Ga I n PJfrr>*m#mZlS.%Ztt1gr&lZ& 

[ 0 0 4 3 ) tti , U / b 54 r<7Xfr|6l£±ffi3:fS 

<ts*[6ifci3&rs [oi-i] *i6ifc-r£w\ y y 
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xm-thztt^t&t^i. 
[0044] afc, tsa«SiaSi&4oox:~520x: 

&&v>mm.<rMm<m,x\ lhv^x. % 

[si i xmicrmfoMm&xm^-tTwmxt) 
[02 1 xmicom&mvsimmiTFrtm 1 <oiga 

[03] 'J yi/*Xh5>fT<OBfiii»«£^-0rfc&. 

[04 ] m&mg%mz*tT.wmT:t>&. 

[05] (¥3|«O^t^5:^ta4»lS0A^<I 
80T*>S. 

1-niGaAsSS. 2-nlGaAsA77rl, 
3 — nSJGao.51 I no.49P^-y7rfl. 4 -nM (A 
lo.72Gao.28) o.5i I no.49P?^-y KJf, 5-Ga 

1 nP/A 1 Ga I n PfES^ttFrSttH, 6-pfi 
(A 1 o. 72 G ao. 28 ) o.5i I no.49P^l ?7>y YM. 
7— Gao.62 I no.38PX-/-f-y^Xh»/TS. 8— p 
S (A lo.72Gao.28) o.5i I no.49P3S2?5-y Y 

9—pSGao. 5i I no.49P*f>|8WL 1 O-pIG 
aAs^77l« ll-AltOsK. 

13 -nlGaAsffi^m 14-GaAstS 
■SL 1 16-pIGaAs3^?h 
Jl. 17, 18-mffi. 2 1-nIGaAsy>XM 
& x 22 — n*g (A lo.72Gao.28) o.5i I 110.49P? 
y >y F1L 23- -Gao.si I no.49P?SttJi x 24— p 

a (Alo.72Gao.28) 0.51 I no.49P&l?7-/ Y 
Jf, 2 5— Gao.62 I no.ssPX-yf-V^Xh-yTJi, 

2 6 -pI (A lo.72Gao.2s) o.5i I no.49P^2? 
yvYM. 2 7 - pSGao.5i I no.49P+Sl. 28 
-plGaAs^77l, 29 - A I2O3J8. 30- 
IsisXhm. 3 1 -nSGaAs®£BlEJ£Jl. 3 2-G 
aAsJ&flu 3 3-l^'XHK. 34-plGaAs3 
yffhm. 3 5. 3 6-®ffi. 
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